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(57) Abstract: A multi-zoned catalytic trap for conversion of NO x in an exhaust gas stream which emanates from an engine which is 
operated with periodic alternations between lean, and stoichiometric or rich, conditions. The catalytic trap comprises a first zone, a 
second zone and, optionally, one or more intermediate zones disposed between the first zone and the second zone. Each of the zones 
comprises a catalytic trap material coated on a refractoiy carrier member. In the first zone, the catalytic trap material comprises a 
refractory metal oxide support having dispersed thereon a palladium catalytic component in the amount of about 30 to about 300 
g/ft 3 , a platinum catalytic component in the amount of 0 to about 100 g/ft 3 and a rhodium catalytic component in the amount of 0 
to about 10 g/ft 3 ; and a NO, sorbent comprising one or more basic oxygenated compounds of one or more alkaline earth metals and 
optionally, one or more basic oxygenated compounds of one or more alkali metals. In the second zone, the catalytic trap material 
comprises a refractory metal oxide support having dispersed thereon a palladium catalytic component in the amount of 0 to about 50 
g/ft 3 , a platinum catalytic component in the amount of about 10 to about 100 g/ft 3 and a rhodium catalytic component in the amount 
of about 5 to about 20 g/ft 3 ; and a NO x sorbent comprising one or more basic oxygenated compounds of one or more metals selected 
from the group consisting of alkali metals and alkaline earth metals. In the optional zone(s), the catalytic trap material comprises 
a refractory metal oxide support having dispersed thereon a palladium catalytic component in the amount of about 25 to about 75 
g/ft 3 , a platinum catalytic component in the amount of about 5 to about 30 g/ft 3 and a rhodium catalytic component in the amount of 
0 to about 10 g/ft 3 ; and a NO x sorbent comprising one or more basic oxygenated compounds of one or more metals selected from 
the group consisting of alkali metals and alkaline earth metals. 
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MULTI-ZONED CATALYTIC TRAP 
AND METHODS OF MAKING AND USING THE SAME 

BACKGROUND OF THE INVENTION 

Cross Refe rence to Related Application 
5 This application is a continuation-in-part of patent application Serial No. 

09/378,813 of Michel Deeba et al. entitled Catalytic Trap with Potassium Component 
and Method of Using the Same, filed on August 23, 1999 which in turn is a continuation- 
in-part of patent application no. 09/323,658 of Michel Deeba et al entitled Catalytic 
Trap and Methods of Making and Using the Same, filed on June 1, 1999. 

10 FIELD OF THE INVENTION 

The present invention relates to a multi-zoned catalytic trap for treating exhaust 
gas streams, especially those emanating from lean-burn engines, and to methods of 
making and using the same. More specifically, the present invention provides a multi- 
zoned catalytic trap which abates NO x , CO and hydrocarbons in the exhaust streams 
being treated at initial engine start-up conditions as well as at subsequent high engine 
temperature conditions and exhibits enhanced durability after aging at high temperature 
and lean operation conditions. 

Related Art 

Emission of nitrogen oxides ("NO x ") from lean-burn engines (described below) 
must be reduced in order to meet emission regulation standards. Conventional three-way 
conversion ("TWC") automotive catalysts are suitable for abatingNO x , carbon monoxide 
("CO") and hydrocarbon ("HC") pollutants in the exhaust of engines operated at or near 
stoichiometric air/fuel conditions. The precise proportion of air to fuel that results in 
stoichiometric conditions varies with the relative proportions of carbon and hydrogen in 
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the fuel. An air-to-fuel ("A/F) ratio of 14.65:1 (weight of air to weight of fuel) is the 
stoichiometric ratio corresponding to the combustion of a hydrocarbon fuel, such as 
gasoline, with an average formula CH 188 . The symbol X is thus used to represent the 
result of dividing a particular A/F ratio by the stoichiometric A/F ratio for a given fuel, 
5 so that Jt *» 1 is a stoichiometric mixture, X > 1 is a fuel-lean mixture and X is a fuel-rich 
mixture. 

Engines, especially gasoline-fueled engines to be used for passenger automobiles 
and the like, are being designed to operate under lean conditions as a fuel economy 
measure. Such future engines are referred to as "lean-bum engines. 79 That is, the ratio 

10 of air to fuel in the combustion mixtures supplied to such engines is maintained 
considerably above the stoichiometric ratio (e ; g., at an air-to-fuel weight ratio of 18:1) 
so that the resulting exhaust gases are "lean," i.e„ the exhaust gases are relatively high 
in oxygen content Although lean-burn engines provide enhanced fuel economy, they 
have the disadvantage that conventional TWC catalysts are not effective for reducing 

1 5 NO x emissions from such engines because of excessive oxygen in the exhaust. The prior 
art discloses attempts to overcome this problem by operating lean-burn engines with 
brief periods of fuel-rich operation (engines which operate in this fashion are sometimes 
referred to as "partial lean-bum engines.") It is known to treat the exhaust of such 
engines with a catalyst/NO x sorbent which stores NO x during periods of lean (oxygen- 

20 rich) operation, and releases the stored NO x during the rich (fuel-rich) periods of 
operation. During periods of rich operation, the catalyst component of the catalyst/NO x 
sorbent promotes the reduction of NO x to nitrogen by reaction of NO x (including NO x 
released from the NO x sorbent) with HC, CO and/or hydrogen present in the exhaust 



25 oxides, such as oxides of Ca, Sr and Ba, alkali metal oxides such as oxides of K, Na, Li 
and Cs, and rare earth metal oxides such as oxides of Ce, La, Pr and Nd in combination 
with precious metal catalysts such as platinum dispersed on an alumina support, is 
known, as shown for example, at column 4, lines 19-25, of U.S. Patent 5,473,887 of S. 
Takeshima et al , issued on December 12, 1995. At column 4, lines 53-57, an exemplary 

30 composition is described as containing barium (an alkaline earth metal) and a platinum 



The use of NO x storage (sorbent) components including alkaline earth metal 
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catalyst The publication Environmental Catalysts For A Better World And Life, 
Proceedings of the 1° World Congress at Pisa, Italy, May 1-5, 1995, published by the 
Societa Chimica Italiana ofRome, Italy has, at pages 45-48 of the publication, an article 
entitled "The New Concept 3-Way Catalyst For Automotive Lean-Bum Engine Storage 
5 and Reduction Catalyst," by Takahashi et al. (below referred to as "the Takahashi et al. 
Paper"). This article discloses the preparation of catalysts of the type described in the 
aforementioned Takeshima et al. U.S. Patent 5,473,887 and usingthese catalysts forNO x 
purification of actual and simulated exhaust gases alternately under oxidizing (lean) and 
reducing (rich or stoichiometric) conditions. The conclusion is drawn in the last 
10 sentence on page 46 that NO x was stored in the catalyst under oxidizing conditions and 
that the stored NO, was then reduced to nitrogen under stoichiometric and reducing 
conditions. A similar but more detailed discussion is contained in SAE Paper 950809 
published by the Society of Automotive Engineers, Inc., Warrendale, Pa., and entitled 
Development of New Concept Three-Way Catalyst for Automotive Lean-Burn Engines, 
1 5 by Naoto Miyoshi et al., was delivered at the International Congress and Exposition, 
Detroit, Mich., Feb. 27-Mar. 2, 1995. 

U.S. Patent 4,742,038, "Monolithic Catalyst Support and Catalyst Deposited on 
the Support," issued May 3, 1988 to S. Matsumoto, discloses a metal substrate for 
carrying a catalytic material useful for the treatment of exhaust gases from internal 
20 combustion engines. U.S. Patent 5,874,057, "Lean NO x Catalyst/Trap Method," issued 
on February 23, 1 999 to M. Deeba et al. , discloses a method of NO x abatement utilizing 
a composition comprising a NO x abatement catalyst comprisingplatinum and, optionally, 
at least one other platinum group metal catalyst which is kept segregated from a NO x 
sorbent material. The NO x sorbent material may be one or more of oxides, carbonates, 
25 hydroxides and mixed oxides of one or more of lithium, sodium, potassium, rubidium, 
osmium, magnesium, calcium, strontium and barium. 

Prior art catalysts as described above have a problem in practical application, 
particularly when the catalysts are aged by exposure to high temperatures and lean 
operating conditions, because after such exposure, such catalysts show a marked 
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monolithic ceramic or stainless steel support as illustrated in Figure 1C, both Figures 
being described at column 4, line 67, to column 5, line 8. The use of a metal monolith 
support for the catalytic/adsorbent material is suggested at column 5, lines 48-58. There 
is no suggestion in the Campbell et al patent of criticality of, nor is any importance 
5 assigned to, the type of substrate or high surface area support to be used with a particular 
adsorbent species. In fact, as noted above, silica is one of four high surface area supports 
taught for use with compositions preferably including a potassium carbonate adsorbent 

SUMMARY OF THE INVENTION 

The invention relates to a multi-zoned catalytic trap for conversion of NO x in an 
10 exhaust gas stream which emanates from an engine which is operated with periodic 
alternations between lean, and stoichiometric or rich, conditions. The multi-zoned 
catalytic trap comprising a first zone, a second zone and, optionally, one or more 
intermediate zones disposed between the first zone and the second zone. The fabrication 
of the catalytic trap in the form of such zones results in a trap which maintains high 
catalytic activity for NO x reduction at partial lean burn conditions, particularly at low 
temperature (250 to 350C) as well as high temperature (450 to 600C) operating 
conditions, without sacrificing catalytic activity in respect to removal of unbumed 
hydrocarbons and carbon monoxide present in the exhaust gas stream. Moreover, the 
multi-zoned catalytic traps of the invention maintain their catalytic activity even after 
20 the traps are aged by exposure to high temperatures and lean operating conditions 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a typical zone of the multi-zoned catalytic trap 
of the invention comprising a single honeycomb-type refiactory carrier member 

Figure 1 A is apartial cross-sectional view enlarged relative to Figure 1 and taken 
25 along a plane parallel to the end faces of the carrier of Figure 1 ; 
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passages shown in Figure 1 A; 
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contacted with the trap, and on the horizontal axis the temperature in degrees centigrade 
of the inlet stream immediately prior to its entering the trap. 

DETAILED DESCRIPTION OF THE INVENTION 

The reduction of NO x from the exhaust of lean-burn engines, such as gasoline 
direct injection and partial lean-bum engines, as well as from diesel engines, requires 
trapping ofNO x at lean engine operating conditions and releasing and reducing the NO x 
at stoichiometric or rich engine operating conditions. The lean operating cycle is 
typically between 1 and 3 minutes and the rich operating cycle should be small enough 
( 1 to 5 seconds) to preserve as much as possible of the fuel benefit associated with lean- 
bum engines. A catalytic trap generally must provide a NO x trap function and a catalyst 
function, typically a three-way catalyst ("TWC") function. 

The first embodiment of the invention pertains to a multi-zoned catalytic trap 
having a first zone, a second zone and optionally, one or more zones intermediate the 
first and second zones. 

The first zone comprises a first catalytic trap material coated on a refractory 
carrier member. The first catalytic trap material comprises: 

(a) a refractory metal oxide support having dispersed thereon a palladium 
catalytic component in the amount of about 30 to about 300 g/ft 3 , a 
platinum catalytic component in the amount of 0 to about 100 g/ft 3 and 
a rhodium catalytic component in the amount of 0 to about 10 g/ft 3 ; and 

(b) a NO x sorbent comprising one or more basic oxygenated compounds of 
one or more alkaline earth metals and optionally, one or more basic 
oxygenated compounds of one or more alkali metals. 

Thesecondzonecomprisesaserondcatalydctrapiiiaterialcoatedonarefractory 
25 carrier member. The second catalytic trap material comprises: 

(A) a refractory metal oxide support having dispersed thereon a palladium 

catalytic component in the amount of 0 to about 50 g/ft 3 , a platinum 

catalytic component in the amount of about 10 to about 100 g/ft 3 and a 
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The NO, sorbents can be incorporated into the catalytic trap material of the 
present invention in any suitable manner. Thus, the NO x sorbent may be introduced in 
bulk particle form simply by mixing particles of the NO x sorbent component with the 
particles of refractory metal oxide support on which the palladium and/or optional 
5 platinum and rhodium catalytic components are dispersed. Alternatively, the NO x 
sorbent may be dispersed on its own refractory metal oxide support by impregnating 
suitable refractory metal oxide particles with a solution of a precursor compound of the 
NO x sorbent, drying and heating in air or other oxygen-containing gas (calcining). The 
resultant supported NO x sorbent may be incorporated into the washcoat by admixing the 
1 0 particles with the supported catalytic component particles in a slurry to be applied as a 
washcoat to a carrier member. Alternatively, the supported NO x sorbent particles may 
be applied as a separate, discrete layer of the washcoat Alternatively, and preferably, 
with respect to attaining finer dispersion of the NO x sorbent throughout the catalytic trap 
material, the NO x sorbent can be dispersed in the washcoat by post-impregnating a 
1 5 palladium and platinum-containing, calcined refractory metal oxide support (which may 
also contain rhodium catalytic components) with a solution of a soluble precursor 
compound of the NO x sorbent metal, e.g., a nitrate or acetate such as cesium nitrate, and 
then drying and calcining the impregnated support in air (or other oxygen-containing gas) 
to decompose the impregnated precursor compound to the NO x sorbent. This technique 
may advantageously be used by dipping a carrier member having thereon a calcined 
washcoat containing the palladium and platinum and optional rhodium catalytic 
components into a solution of one or more precursor compounds of the NO x sorbent. It 
will be appreciated that different portions of the NO x sorbent may be incorporated into 
the catalytic trap material by different ones of the above techm'ques. The choice of a 
particular method of incorporation of the NO x soibent may in some cases by dictated by 
the particular components being utilized. 

A typical so-called honeycomb-type carrier member comprises a "brick" of 
material such as cordierite or the like, having a plurality of fine, gas-flow passages 
extending therethrough from the front face to the rear face of the carrier member. These 
30 fine gas-flow passages, which may number from about 1 00 to 900 passages or cells per 
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impregnation operation, as described above. The activated alumina may have initially 
been thermally stabilized, as is well known in the art, by impregnating it with, for 
example, a solution of a soluble salt of barium, lanthanum, rare earth metal or other 
known stabilizer precursor, and calcining the impregnated activated alumina to form a 
stabilizing metal oxide dispersed onto the alumina. The carrier member may then be 
immersed into the slurry of impregnated activated alumina and excess slurry removed 
to provide a thin coating of the slurry on the walls of the gas-flow passages of the carrier. 
The coated carrier is then dried and calcined to provide an adherent coating of the 
catalytic component and, optionally, the NO x trap component, to the walls of the 
passages thereof. The carrier may then be immersed into a slurry of fine particles of a 
basic oxygenated metal compound, for example, in an aqueous slurry of fine particles 
of bulk strontium oxide, to provide a second or top coating (layer) of a NO x sorbent 
deposited over the first or bottom coating of NO x catalyst The coated carrier member 
is then dried and calcined to provide a finished catalyst composition in accordance with 
15 one embodiment of the present invention. 

Alternatively, the alumina or other support particles impregnated with the 
catalytic component may be mixed with bulk or supported particles of the NO x sorbent 
in an aqueous slurry, and this mixed slurry of catalytic component particles and NO x 
sorbent particles may be applied as a coating to the walls of the gas-flow passages ofthe 
carrier member. Preferably, however, for improved dispersion ofthe NO x sorbent, the 
washcoat of catalytic component material, after being dried and calcined, is immersed 

(post-dipped)intoasolutionofoneormoreprecur S orcompounds(orcom P lexes)om 
sorbent to impregnate the washcoat with the NO x sorbent precursor. The impregnated" 

washcoatisfoendriedandcalcinedtoprovidefoeNO x sorbentdi S pers^ 
25 washcoat 

Separate, discrete layers of washcoat may be applied in successive 
impregnating/drying/calcining operations, e.g., to provide a bottom washcoat layer 
containing, e.g., substantially all ofthe optional platinum catalytic component and a top 
washcoat layer containing, e.g., substantially all ofthe palladium catalytic component 
30 Alternatively, substantially all the palladium catalytic component may be contained in 
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Desirably, the multi-zoned catalytic trap of the invention is employed in 
combination with a treatment catalyst disposed upstream of the multi-zoned catalytic 
trap relative to the exhaust gas stream. The treatment catalyst should be any of those 
known to be effective to promote under oxidation conditions me oxidation of 
5 hydrocarbons to C0 2 and H 2 0. 

The refractory carrier may be prepared from any of the materials conventionally 
used for catalytic traps. Preferably, the refractory carrier as well as the first catalytic trap 
material, the second catalytic trap material and the optional intermediate catalytic trap 
materials are substantially free of silica components. Typically, the refractory material 
10 maybe a refractory metal such as stainless steel, iron/chromium alloy or titanium, or one 
or more of alumina, titama, zirconia, corundum, aluminum phosphate, zirconium 
phosphate, zirconium aluminum phosphate or metals incorporating zirconium phosphate 
or zirconium aluminum phosphate. 

The first and/or second and/or optional intermediate zones of the catalytic trap 
15 may further comprise one or more components which are independently selected from 
the group consisting of one or more oxides of nickel, manganese, iron, lanthanum, 
barium and zirconium. 

Asasecondembodimentoftheinvention, the first catalytic trap material, second 
catalytic trap material and optional intermediate catalytic trap materials in the first, 
20 second and optional intermediate zones, respectively, are present as a discrete bottom 
layer and a discrete top layer overlying the bottom layer. When the catalytic trap 
materials are present in the form of such layers, the bottom layer on which the materials 
are coated may be the same carrier member or it may be made up of separate 
corresponding carrier member segments. In the case of separate segments, a segment 
may be comprised of the same carrier member material as that of an adjacent segment 
or may be comprised of a different carrier member material. In addition to the palladium 
catalytic component, the platinum catalytic component, the rhodium catalytic component 
and the NO x sorbent, the bottom layer and/or the top layer may also each contain one or 
more oxides of metals such as nickel, manganese, iron, lanthanum, barium and 
30 zirconium. 
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Further in the second embodiment, the palladium catalytic component is 
preferably present in the top layer in the amount ofOto 50 gftf and is preferably present 
mthe bottom layerin the amount ofOto Wgflft the platinum catalytic component is 
preferably present in the top layer in the amount of 0 to 30 g/tf and is preferably present 
5 m the bottom layer in the amount of 30 to 60 g/ft>; the rhodium catalytic component is 
preferably present inthe top layerin the amount of 0 to 10 g/tV and is preferably present 
m thebottomlayerintheamountof5tol0g/fe. THe NO x sorbent is preferably present 

NO x sorbent being one or more basic oxygenated compounds of one or more alkali 
0 metals and in the amount of 0.2 to 0.6 g/in> in the case of the NO x sorbent being one or 
more basic oxygenated compounds of one or more alkaline earth metals. 
Additionally,mme Sec ^^ 

materials in the top layer preferably comprise a refractory metal oxide support having 
chspersed thereon a palladium catalytic component, a platinum catalytic component, a 
rhodium catalytic component and a NO x sorbent comprising one or basic oxygenated 
compounds of one or more metals selected from the group consisting of alkaline earth 
metals and alkali metals, and the optional intermediate catalytic trap materials in the 
bottom layer comprise a refractory metal oxide support having dispersed thereon a 
palladrum catalytic component, a platinum catalytic component, a rhodium catalytic 
component and a NO x sorbent comprising one or basic oxygenated compounds of one 
or more metals selected from the group consisting of alkaline earth metals and alkali 
metals. 

In respect to the optional intermediate catalytic trap materials, the palladium 
catalytic component is preferably present in the top layer in the amount of 10to30g/ft> 
and ,s preferably present in the bottom layer in the amount of 0 tolO g/tV; the platinum 
catalytic component is preferably present in the top layer in the amount of 0 to 30 g/fP 
and is preferably present in the bottom layer in the amount of 1 0 to 40 g/ft 3 ; the rhodium 
catalytic component is preferably present in the top layer in the amount of 0 to 10 g/fP 
and is preferably present in the bottom layer in the amount of 5 to 10 g/fr\ The NO x 
sorbent is preferably present in each of the top and bottom layers in the amount of 0.1 
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m the case ofthe NO, sorbentbeii^ one or more basic oxygo»»ted coin P 0 
f o m ofCrbar^oo.a n ,»„e S ^e ite onebo»o m or*e K p 1 ayer. k*. 

10 discrete bottom layer coated oa a KfiacB.e e 

oved^theropla^r. Thebo«oreUyer W nc«npn»e.re4»^ . 

compos and opuonany » ca**«c TLLyric 

^.reimc^metfoxide,^.^^^ 

..ndoobonallyaplatavomand/orAodioo.ca^ccraniHtoett ™e zom g 
,5 component.ndopuonally.pl toeB „« overlyurg a 

^ because the catatybc pap farm* compnse ^ s 

ending M secto, of the iop layer ^^ mMnplises>to , M 

^ ^^^2^.. one or morebasic 
of a palladium catalytic cmponem and a Nft P rf 

20 oxygenated compouods of one or more meals seteaed fen ^ 

second zone compose* a ^ ^ fom ^ 

compriseoneormorecomponentsindependentlyselecteaB g. 
JL of nieael. nmnganese, iron, .anthannm, barium and ™t. 
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In the multi-zoned catalytic trap of the third embodiment, it is preferred that the 
palladium catalytic component be present in the top layer in the amount of 0 to about 50 
g/ft 3 and in the bottom layer in the amount of 0 to about 1 5 g/ft 3 ; the platinum catalytic 
component is preferably present in the top layer in the amount ofO to about 30 g/ft 3 and 
in the bottom layer in the amount of about 30 to about 90 g/ft 3 ; the rhodium catalytic 
component is preferably present in the top layer in the amount of O to about 20 g/ft 3 and 
in the bottom layer in the amount of about 5 to about 10 g/ft 3 ; and the NO, sorbent is 
preferably present in each of the top and bottom layers in the amount of about 0.25 to 
about 1.0 g/in 3 in the case of the NO, sorbent being one or more basic oxygenated 
compounds of one or more alkali metals and in the amount of about 0.2 to about 0.6 g/in 3 
in the case of the NO, sorbent being one or more basic oxygenated compounds of one 
or more alkaline earth metals. 

Also in the multi-zoned catalytic trap of the third embodiment, it is preferred that 
palladium catalytic component be present in the first zone in an amo unt of about 30 to 
about 150 g/ft 3 andtheNO, sorbent optionally be present in the first zone in the amount 
of about 0.25 to about 1.0 g/in 3 in the case of the NO, sorbent being one or more basic 
oxygenated compounds of one or more alkali metals and optionally in the amount of 
about 0.2 to about 0.6 g/in 3 in the case of the NO, sorbent being one or more basic 
oxygenated compounds of one or more alkaline earth metals. Preferably, the NO, 
sorbent is present in the second zone in the amount of about 0.25 to about 1.0 g/in 3 in 
the case of the NO, sorbent being one or more basic oxygenated compounds of one or 
more alkali metals and in the amount of about 0.2 to about 0.6 g/in 3 in the case of the 
NO, sorbent being one or more basic oxygenated compounds of one or more alkaline 
earth metals. 

As in the case of the multi-zoned catalytic trap of the first two embodiments, it 
is preferred that the NO, sorbent in the bottom and top layers and in the first and second 
zones be independently selected from the group consisting of one or more basic 
oxygenated compounds of lithium, sodium, potassium, cesium, magnesium, calcium, 
strontium and barium. It is also preferred that me refractive carrier member, the bottom 
and top layers and the first and second zones be substantially free of silica components. 
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stainless steel, iron/chromium alloy, and titanium. Aethird embodiment of 

. th«t the multi-zoned catalytic trap of the thira emu 

„ ^ conrahun, NO. ,0 - *. NO, cu«en £>J£»~* . rich 

, 5 — -- -* .--J^ ^ (j,p of the first, second or third 
„r rich open*™ »«h the mulu-zoned ca yu to to ^to*, gas 

enrbodhnen,, under enndiuona whereby « W- ""^^^and 

2 „ aoiOriotnetfc uT^ne In. ^ snean, he conraered under 

hydrecarbona.ttra preferred that th V udrocartx.ns 

prtor to 

25 Typica.ly,u« ^npcranu. of «h >W* w C . 

The^natgassueantnrayeruerae^ ^ ^ shuatn ma, etrier the 
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The multi-zoned catalytic trap of the first embodiment of the invention may be 
prepared by the steps of: 

(A) preparing the first catalytic trap material by dispersing onto a refractory 
metal oxide support a palladium catalytic component in the amount of 
about 30 to about 300 g/ft 3 , a platinum catalytic component in the amount 
of 0 to about 100 g/ft 3 and a rhodium catalytic component in the amount 
of 0 to about 10 g/ft 3 and a NO, sorbent comprising one or more basic 
oxygenated compounds of one or more alkaline earth metals and 
optionally one or more basic oxygenated compounds of one or more 
alkali metals by impregnating the support with a solution of a precursor 
palladium compound, a precursor platinum compound, a precursor 
rhodium compound and a precursor NO, sorbent compound in a liquid 
vehicle; 

(B) coating the impregnated support resulting from step (A) onto a refractory 
carrier member; 

(C) drying and thereafter heating the coated refractory carrier member 
resulting from step (B); 

(D) preparing the second catalytic trap material by dispersing onto a 
refractory metal oxide support a palladium catalytic component in the 
amount of 0 to about 50 g/ft 3 , a platinum catalytic component in the 
amount of about 1 0 to about 100 g/ft 3 and arhodium catalytic component 
in the amount of about 5 to about 20 g/ft 3 and a NO x sorbent comprising 
one or more basic oxygenated compounds of one or more metals selected 
from the group consisting of alkaline earth metals and alkali metals by 
impregnating the support with a solution of a precursor palladium 
compound, a precursor platinum compound, a precursor rhodium 
compound and a precursor UO x sorbent compound in a liquid vehicle; 

(E) coatingtheimpregnatedsupportresultingfromstep(D)ontoa refractory 
carrier member, 
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(F) 
(G) 
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^^fi^aepCEy. disperetag 

fto^te group eons^g of iWu-e m 
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onto a refractory carrier member, a 
bottom layer of the rirst, sew 
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The multi-zoned catafytic trap of the third embodiment of the invention may be 
prepared by the steps of: 

(1) dispersing onto a refractory metal oxide support a platinum catalytic 
component and a rhodium catalytic component and optionally a 
palladium catalytic component and a NO x sorbent comprising one or 
more basic oxygenated compounds of one ormoremetols selected from 
the group consisting of alkaline earth metals and one or more alkali 
metals by impregnating the support with a solution of a precursor 
platinum compound, a precursor rhodium compound and optionally a 
precursor palladium compound and a precursor NO, sorbent compound 
in a liquid vehicle; 

(2) coatingtheimpregnatedsupportre,ultingfromstep(l)ontoa refractory 
earner member; 

(3) drying and thereafter heating the refractory carrier member resulting 
from step (2) to provide a refractory carrier member containing a bottom 
layer of a citing of me platinum catalytic component, the rhodium 

catalyticcomponent,meoptionalpallamumcatalyticcomponentandthe 
NO x sorbent; 

(4) dispersing onto a refractory metal oxide support a palladium catalytic 
component and optionally a platinum and/or rhodium catalytic 
component, and a NO x sorbent comprising one or more basic oxygenated 
compounds of one or more metals selected from the group consisting of 
alkalme earth metals and one or more alkali metals by impregnating the 
support with a solution of a precursor palladium compound and 

ophonallyaprecursorplatinumand/orprecu^rrhodiumcompoundand 
a precursor NO x sorbent compound in a liquid vehicle; 

(5) coating the impregnated support resulting from step (4) onto the bottom 

layer of the coated refractory member resulting from step (3); 
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(6) drying and thereafter heating the refractory carrier member resulting 
from step (5) to provide a refractory carrier member containing a top 
layer of the palladium catalytic component, the optional platinum and/or 
rhomumcatalyticcomponentandtheNO^sorbentoverlyingsaid 

layer, 

(7) post-impregnating a discrete first zone of the layered refractory earner 
' m ember resulting from step (6) with a solution of a precursor of a 
precursor palladium compound and optionally a precursor of a NO, 
sorbent comprising one or more basic oxygenated compounds of one or 
more metals selected from the group consisting of alkaline earth metals 
and optionally one or more alkali metals in a liquid vehicle; 
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ana optional iy uus «■ — — 
(8 ) post-impregnating 

member resulting from step (7) with a solution of a precursor of a HQ. 
sorbent comprising one or more basic oxygenated compounds of one or 
m ore metals selected from the group consisting of alkaline earth metals 
and alkali metals in a liquid vehicle; and 
(9 ) drying and heating the post-impregnated layered refractive earner 

member resulting from step (8). 
Steps (7) and (8) of the process pernnning to toe steps of post-dipptag for 
^gtemu.n-.ooed^c^of^durde^boto.ofte — above 

soM „„56ofaca«».yUcHlad i "m^rco mP o U r4a^ooe„rmo re NO.so^ 
p ^c OT pooodsaodF, 8 ^5BshoW3a«^54™*^oh i sdisp H seda S o 1 uooo 

28ofot«orii»teNO t sorbentpreo U rsoroompout»is. 

to Figo re 5A,acorrier™ember53,«hioh^ead,tasb«en ( «epa re db, steps(l> 

(6) aesonbedebove.isdipr^^f.ceSSf^^^face^op^^o 

56 confined in ran* 5. ^ to tongKndM axis of came, -*« » 

to . depth defined by the point P aiong its .oognndina! axis. After dippnrg. cnn,er 
mmbet 53 is removed ftnn, solunon 56 and dried. V» dipping and drymg n«y b. 
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repeated as many times as needed until the desired loading of the catalytic palladium 
precursor compound and the alkaline earth metal component precursor compound is 
attained. 

In one embodiment, care is taken not to contact the solution 56 with the 
5 longitudinal segment of the carrier member 53 between point P and rear face 55'. In 
another embodiment, the entirety of carrier member 53 may be dipped within solution 
56 so as to apply the catalytic palladium precursor compound and precursor NO, soibent 
compounds along the entire length of the gas-flow passages (described with reference 
to Figures lAand IB below) of carrier member 53. After completion ofthe dipping step 
or steps illustrated in Figure 5A, canier member 53 is dipped within solution 58 in tank 
54 (Figure 5B) with front face 55 uppermost and rear face 55" submerged below the 
surface of solution 58. Carrier member 53 is dipped within solution 58 only to a depth 
indicated by the point F along the longitudinal axis of carrier member 53. Point F may 
be at the identical point along the longitudinal axis of carrier member 53 as point P, or 
15 point P may be located between point P and rear face 55' so as to provide an 
intermediate section of carrier member 53 wherein the catalytic palladium and NO x 
sorbent precursor of both solutions 56 and 58 are present Dipping of carrier member 
53 into solution 58 may be repeated as described above with respect to the dippings of 
earner member 53 into solution 56. Dippings are followed by drying and calcining. 

Figure 1 does not illustrate a multi-zoned catalytic trap within the scope of this 
invention, but rather depicts a single zoned catalytic trap which is shown for the 
purposes of clarity. Figure 1 shows generally at 10 a catalytic trap comprising refractory 
carrier member 12 of generally cylindrical shape having a cylindrical outer surface, one 
end face comprising a face 14 and an opposite end face 14', which is identical to face 
25 14. (In Figure 1 there is visible only the junction of outer surface 12 with face 14' at its 
peripheral edge portion Further, there is omitted from Figure 1 the usual canister within 
which catalytic trap 10 would be enclosed, the canister having a gas stream inlet at face 
14 and a gas stream outlet at face 14'; alternatively the gas stream inlet could be located 
at face 14' and the gas outlet stream located at face 14). Carrier member 10 has a 
30 plurality of fine, parallel gas-flow passages 16 formed therein, better seen in enlarged 
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c . hv ^ 18 and extendthrough carrier 10 

^'^^'^L ^ shape, 

,*MU. 1— » * issorfJu „el5,19 8 2» J .C.De«.in 8 «»>- Of 
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*-.^^^"^~T!. fc _ „ ^ orf-zoned 
^ ahen^ve, *. - -"71^ For purposes of illustration, 
„ cara.^n.p.f^^arab^n^^^ AmdlB . 

As sho»minf t .8»«^ A - ,B • ,he,, * ^ ^sectional are. of these passages 
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compos of fc ^ > °™« «*» For ex^ ^ 

» Moiohiometrio/rich .Dentin. • „ ^ bsucl ' KBe ."> order to KBblish 

at select inters P JT ^ '' aP) *«* 

Figure 4 sdematicall, illostrat^ ^ uUI™^ „r. „ _ 
^barges ft, exhaust front an exhaust ' ea - b,m °" >an » 1 «^»e 30 



-27- 



PCT/US01/07262 

WO 01/74476 

w c**, a siaaifica* pa*™ of <he ^ ^ 
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20 ^•to^«^^^^^^.^ 
comprises 73% by we.ght of the slurry 

apart. ^nd the multi-zoned catalytic traps were 

. Zs^^r 1 

^ v set forth below, 

thebottom and top coats are set ton 
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U.e., canned m a typical catalytic trap container). 
Catalytic Trap A bottom layer 
Platinum: 60 g/ft 3 
Rhodium: 0 g/ft 3 
Palladium: 0 g/ft 3 

Catalytic Trap A top layer: 
Platinum: 30 g/ft 3 
Rhodium: 30 g/ft 3 
Palladium: 200 g/ft 3 

loading 20^ 7 '^**^~*>«**»*-+**«* 

prec 1 o. ffi eta, S a n d0.2 g / i „3 NOxSorbent . After the one-zoned catalytic 1^ 
prepared, it was post-dipped with Cs to provide a Cs,0 ^ « ^ P 

. proviae aLs 2° Post-dipped coat of 0 35 e/in 3 

The trap was calcined at 550»C for 1 hour after each . ' 

tnfaU nour arter each layer was app ied The 

totalprec.ousmetalcontentforbothlayersofthistrap^ 
Catalytic Trap B bottom layer: 

Platinum: 60 g/ft 3 

Rhodium: 15 g/ft 3 

Palladium: 0 g/ft 3 

NO xSOI bent: 0.35 ^ BaO; 0.50 g/in> CeO^ 0.08 g/in'ZrO 
Catalytic Trap B top layer: 2 
Platinum: o g/ft 3 
Rhodium: o g/ft 3 
Palladium: 90 g/ft 3 

NO, sorbent: 0.20 g^BaO; 0.25 & OO^; 0.08 g/in 3 ZrC 2 
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ofthebottom layer wasO.lSg/m.ui 

10 dippedwithBaratherthanCs. 

CatalyticTrapDbottomlayer 

Platinum: 30g/tf 
Rhodium: Sgffl? 

Palladium: Og/tf Qg ^3 Zr0j 

.n.sorbent: 0g/m'BaO;0.50 g/m CeO, ZrO,, 



NO x sorbent: 
CatalyticTrapDtoplayer. 

platinum: 



Rhodium: Og/tf 
Palladium: ^g/ft 3 Q8 ^ in 3 zj0 2 

NO x sorbent: Og/in BaO, 0.» ^v^m layer had a loading 
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Catalytic Trap E bottom layer 
Platinum: SOg/ft 3 
Rhodium: Sg/ft 3 
Palladium: Og/ft 3 

Catalytic Trap E top layer 
Platinum: Og/ft 3 
Rhodium: Og/ft 3 
Palladium: 50g/ft 3 

* ana contained 35g/tf precious metals and 0. lSg/in>NO^rbent The 

1— . ntaals and o^tn'No, so*e M . ^ fc 

* was with Cs and Ba to p^td. . Cs.O t»T , 
MW and . BaO popped « of 0J5 J" J**"* « ° f 

5 50 op fftrl , . * xne catalytic trap was calcined at 

^^~^*~^~«-~«- 

layers of this trap was 1 15 g/ft 3 . 

Cabl^c Trap F is a nttdd-zoned trap in mcm*^ with the 
embodtnteM of to invention (Catalytic Trans A F. nn» e' i , 
<^eT ra pFwas„ rem ,»HH "*M«d oatarytie naps,. 

was 108.6g/fV. 60.3g/fe. The total precious metal content 
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te ™ e * "~ . amtoe hydride » 4 Ih0di,m ' 
**. to *. in ** I— — ° f ^edontb, 

L somdon from a -P--» <*f _ «. rinsed en* 

. sotodon — — - " ^hereso* ogstoa, - «— 'V 
^crnrpthespeeiBedlc^ogof m«ai ox „f ,2 miorons or 

— -.»—— "* rf *^rZ ». in on — - *" " 
less «. a^ea. A - ^ „ member one me rested 

25 specif loading of 0.5 tftf - «* ^ P ^ TO ^ed . rednee 

viscosity, P*^*^*^ ^ £9micnmsM les, 
p^ide size of 90% of the pa™^ to ™ 8 
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onedatllO Cfor4hours and calcined at 5S0°C for 1 hour in air. 

4, Deposit,™ (ha ^ n 

wetness of the alumina powder a »i„„ ♦ incipient 
with the ™., h- , Us ^a P lanetary mixer, the alumina was impregnated 

with the palladium solution by slowly dripping the diluted paUadium solution L a 

lO^lS^e, ^sepaiatoryWl^^^,^^ j 

Planetary mixer, the diluted acetic acid solution was dnpped slowly from «, 
20 funnel onto the alumina. <^ slowly from me separately 

3. Slurry Preparation 

of M of tte ^ ^ . ^ oflKs ^ ^ 
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550°Cfor 1 hour in air. 



Z^ESSfctoBg , - ^ution of cesium nitrate and/or 

ii--*--*-'-*^- _ w provide i» ft. 

E^pte 1. The post-dPI^ ■» OTbetS * 
c a!<;inedat550»C6>rlh'>"- 

Space Velocity 

60 seconds 



20 



Time, lean 

130 

X, lean 

NO x Concentration 
Time, rich 
X,rich 



350 ppm 
2 seconds 
0.80 
50 ppm 



25 



50 ppm _ 
Fuel Sulfur 6 ^ cb the NO, 

^ results of uris evuluaiion • « ^ ^ md te 
-version effieieucv resulis »re ^^s^^™"™^ 

shw0 onu^horizouula*. - - — * 



temperature window. 
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Example 4 - TrsHm* of Age H Cxtui^ T~ r 

Catalytic traps A, B, D and F were engine-aged in an exhaust after they were 
canned and installed in an exhaust treatment apparatus in the under-floor position of a 
vehicle, downstream from a close-couple three-way catalyst. The catalytic traps were 
aged at an inlet temperature of 800°C for 25 hours at stoichiometric condxtions subject 
to five seconds fuel cut every five minutes. This fuel cut created a change from 
stochmmetric to lean conditions, under which the catalytic traps were expected to lose 
durabmty. After aging, the catalytic traps were evaluated under steady state conditions 
at trap mlet temperatures ranging from 200 to 500«>C. The test conditions may be 
10 summarized as follows: 
Space Velocity 
Time, lean 



A, lean 

NO x Concentration 
15 Time, rich 

A, rich 
Fuel Sulfur 



20 



25 



40,000/h 
60 seconds 
1.30 
350 ppm 
2 seconds 
0.80 
50 ppm 



Thecatalvtictmpinlet^^^ 

the ^edandloadonmeenginewhileretainingafixedspace velocity of 40,000/h. The 
results ofmisevaluati^^^ 

trap F which is a muhi-zoned catalytic trap in accordance with the second embodiment 
ofthe mventionhavingatotal precious metal content of 115 g/ft^exhibited significantly 
betterNO, conversion than ^gle-zoned catalytic tmps A, B or Dm spite of me fact that 
each of the three single-zoned catalytic traps had a higher total precious metal content 
Aged catalytic traps A, D and F were also compared in respect to their 

hydrocartonandcarbonmonoxideconversionefficienciesmeasure^ 
following test conditions: 
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Space Velocity 
X,lean 

HC Concentration 
CO Concentration 
Fuel Sulfur 



10 



15 



20 



40,000/h 
130 
100-150 ppm 
1600-1*00 ppm 
50 ppm 

Fuel Sulfur follows - multi-zoned catalytic trap F of 

Tfce results oftheseevaluauon were as { °*°™™ ^^^ySc 

.-zoned catalytic trap U 

^ A exhibited hydrocarbon ^ °^ J Q for the three catalytic 

exhibited hydrocarbon conversxon of 78/o. 

traps was identical: about 92%. 

— ^^^^^^ palladiu.annnehydro.de 
Singie-zonedcatalynctrapEwaspos ppe ^ ^ ^ . Q 

solution as well as with the cesium nitrate a ^ e post-dipping was 

^^J,p»SA.*^ Theresultant 
^^^<^^-"-X^«a Thetotal 
muW -zoned catalytic nap is hereinafter referred asC 

P-iousmetalcontent ^^X-lU^O — ^ 

Sta ^ ne ^Tl2h!!rat750-Cpriorfotestin & The catalytic traps 
10 o/ o steanV7.5%airmixturefor 12hoursat7 P 4 ^ ^ 

we re then canned and tested in a manner snmlar 

following test conditions: 
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Space Velocity 
Time, lean 
X,lean 

NO, Concentration 
Time, rich 
X, rich 
Fuel Sulfur 



40,000/h 

60 seconds 

1.50 

500 ppn> 
6 seconds 

0.86 
Oppro 
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tempos .nngta. a™ 200 to 50(n: ^ fc ^ ^ 
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end of U.e lempenmire window, i.e., ^ ^ 400 „, JJ0 . C 
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WHAT IS CLAIMED IS: 



nf N n in an exhaust gas stream 

^ •**^«*- a *~"^lJ fcposedbet—* 

^andmesecoodione.aatdf.rst ..^^pmafcrim comprising: 
on . refinonny cnnier member, and » - ^ ^ , 

W nre 6 n«o^n,e B Iox 1 *snppo rt hnv^« ^ . 
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15 



^o componem in *e o, - 
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aN O,so,^0 M priringonco I ^^oW ^ 

OKM more ataWoe eat* 
. o^natedcompou^ofoneosm^—^ 

^ secnd zone comprising a second -^T^ 

0) » — "* "^7. ,o abont 50 g#. » 

^o component . me — - - ^ ... 

^ component in me amount of *~ m 
^nme^cc^pone.tinmeamonn.ofabon.5.0 

me tals and alkali metals; optjonal 

one ot mom opdona, m^edia, ^^^esmembem, 
Ai»< e catalytic trap materials coated on one or mo 
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35 



(a) a reflectory metal oxide support having dispersed thereon a palladium 
catalytic component in the amount of about 25 to about 75 g/ft\ a 
platinum catalytic component in the amount of about 5 to about 30 g/ft 3 
and a rhodium catalytic component in the amount of 0 to about 1 0 g/fV; 
and 

(b) a NO, sorbent comprising one or more basic oxygenated compounds of 
one or more metals selected from the group consisting of alkaline earth 
metals and alkali metals. 

2. Tlecatalyuctrapofclaim 1 wherein the NO, sorbent in the first, second and 
the optional intermediate zones is independently selected from the group consisting of 
one or more basic oxygenated compounds of lithium, sodium, potassium, cesium 
magnesium, calcium, strontium and barium. 

3. The catalytic trap of claim 2 wherein the NO x sorbent comprises a basic 
oxygenated compound of potassium. 

4. The catalytic trap of claim 2 wherein the NO x sorbent comprises a basic 
oxygenated compound of cesium. 

5. The catalytic trap of claim 2 wherein the NO, sorbent comprises a basic 
oxygenated compound of barium. 

6- The catalytic trap of claim 2 wherein the NO, sorbent comprises a basic 
oxygenated compound of strontium. 



7. The catalytic trap of claim 2 wherein the NO, sorbent comprises a basic 
oxygenated compound of sodium. 
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secondand optional intemediate zones m the total am 

w of claim 7 wherein the NO, sorbent is present in the first 
9. The catalytic trap of claim w t0 

about 2.5 g/in 3 . 

. tVip first catalytic trap material mm 
catalytic components present in thefirstca yu ^ 

SOg/tfandtherhodiumcatalyticcomponentispresentinthefn.tc^ yu 
5 in the amount of 0 to 10 g/ft 3 - 

5 presentintheamountof5to20g/tf. 

5 p I ese n Hntheoptio M lc liB l > tiot ra p«.»>«'^ K •" ,hea, " 
than about 165 gffi 3 - 
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14. Thecatalytic trap of claim 13 wherein the total amount of palladium catalytic 
components plus platinum catalytic components plus rhodium catalytic components 
present in the first zone, second zone and the optional intermediate zones is not greater 
than 125 g/fp. 

15. The catalytic trap of claim 1 wherein the refractive canier member on which 
the first catalytic trap material, second catalytic trap material and the optional 
intermediate catalytic trap materials are coated comprises the same carrier member. 

16. The catalytic trap of claim 1 wherein the refractive carrier member on which 
the first catalytic trap material, second catalytic trap material and the optional 
intermediate catalytic trap materials comprises separate corresponding carrier member 
segments. 

17. The catalytic trap of claim 1 in combination with a treatment catalyst 
disposed upstream of the catalytic trap relative to the exhaust gas stream, the treatment 
catalyst being effective at least to promote under oxidation conditions the oxidation of 
hydrocarbons to C0 2 and H 2 0. 

18. The catalytic trap of claim 1 wherein the first catalytic trap material, the 
second catalytic trap material, the optional intermediate catalytic trap materials and the 
refractory carrier members are substantially free of silica components. 

19. Thecatalytictrapofclaim 18 wherein the carrier members comprise a non- 
silica-containing refractory material selected from the group consisting of a refractory 
metal and one or more of alumina, titania, zirconia, corundum, aluminum phosphate, 
zirconium phosphate, zirconium aluminum phosphate, metals incorporating zirconium 
phosphate and metals incorporating zirconium aluminum phosphate. 
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r ^ 19 herein the refractory metal is selected iron, 
20.Thecatalytictr a pofcla 1 ml9wh dtitanium . 
of stainless steel, iron/chromium alloy, an 
the group consisting ot stains 

• the first zone and/or the second zone 
21 . Thecatalytictrapofclaunl i*— ^ ^ ^ components 
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first section of the top layer and said second zone comprising a layer of a NO x sorbent 
comprising one or more basic oxygenated compounds of one or more alkaline earth 
metals and optionally, one or more basic oxygenated compounds of one or more alkali 
metals superimposed on top of the second section of the top layer. 

36. The catalytic trap of claim 35 wherein the first zone is superimposed on a 
section of the top layer comprising an area of about 20% to about 80% of the total area 
of the top layer. 

37. The catalytic trap of claim 35 wherein the bottom layer and/or the layer each 
comprise one or further components independently selected from the group consisting 
of oxides of nickel, manganese, iron, lanthanum, barium and zirconium. 

38. The catalytic trap of claim 35 wherein the palladium catalytic component is 
present in the top layer in the amount of 0 to about 50 g/ft 3 and is present in the bottom 
layer in the amount of 0 to about 15 g/ft 3 ; the platinum catalytic component is present 
in the top layer in the amount of 0 to about 30 g/ft 3 and is present in the bottom layer in 

5 the amount of about 30 to about 90 g/ft 3 ; the rhodium catalytic component is present in 
the top layer in the amount of 0 to about 20 g/ft 3 and is present in the bottom layer in the 
amount of about 5 to about 10 g/ft 3 ; and the NO x sorbent is present in each of the top and 
bottom layers in the amount of about 0.25 to about 1.0 g/in 3 in the case of the NO x 
soibent being one or more basic oxygenated compounds of one or more alkali metals and 

10 in the amount of about 0.2 to about 0.6 g/in 3 in the case of the NO x sorbent being one or 
more basic oxygenated compounds of one or more alkaline earth metals. 

39. The catalytic trap of claim 38 wherein the palladium catalytic component is 
present in said first zone in an amount of about 30 to about 150 g/ft 3 and the NO x sorbent 
is optionally present in the first zone in the amount of about 0.25 to about 1.0 g/in 3 in 
the case of the NO x soibent being one or more basic oxygenated compounds of one or 

5 more alkali metals and optionally in the amount of about 0.2 to about 0.6 g/in 3 in the case 
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of *e NO, sorben, b-g one or more basic oxygenated compounds of one or more 
alkaline earth metals. 

40 The caalytic np of daim 39 wherein the NO, sorben. is preaen. in the 
^roneorrn-r^ico^eacon^ofoneormoreaiWinreraisandn,^ 
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^ 1 in tite W a* second zones is indepeudeml, from ore group 

cesium, magnesium, calcium, srronrinm and bantmt. 

42. The catalytic tiap of claim 4! wherein the NO, ante* comprises a baric 
oxygenated compound of potassium. 

43. Thectdalynctrapof claim4. wherein she NO, sotbent comprises a basic 
oxygenated compound of cesium. 

44. Thecara.yticrn.pof daim41 the NO, sorbe* comprises a baric 
oxygenated compound of barium. 

45. Thecamlynctrapof elahn4 I wherein the NO, soibettt comprises a basic 
oxygenated compound of strontium. 

46. TfccahdyticrmpofclamU. wherein the NO, sorbenr comprises a basic 
oxygenated compound of sodium. 
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47. The catalytic trap of claim 41 wherein the refractive carrier member, the 
bottom and top layers and the first and second zones are substantially free of silica 
components. 

48. The catalytic trap of claim 47 wherein the earner member comprises a non- 
silica-containing refractory material selected from the group consisting of a refractory 
metal and one or more of alumina, titania, zirconia, corundum, aluminum phosphate, 
zirconium phosphate, zirconium aluminum phosphate, metals incorporating zirconium 

5 phosphate and metals incorporating zirconium aluminum phosphate. 

49. The catalytic trap of claim 48 wherein the refractory metal is selected from 
the group consisting of stainless steel, iron/chromium alloy, and titanium. 

50. The catalytic trap of claim 35 in combination with a treatment catalyst 
disposed upstream of the catalytic trap relative to the exhaust gas stream, the treatment 
catalyst being effective at least to promote under oxidation conditions the oxidation of 
hydrocarbons to C0 2 and H 2 0. 

5 1 . A method of treating an engine exhaust gas stream containing NO x to abate 
the NO x content of the stream which comprises maintaining the engine under alternating 
periods of lean and stoichiometric or rich operation, and contacting the stream during 
the periods of both lean and stoichiometric or rich operation with the catalytic trap of 

5 claim 1, under conditions whereby at least some of the NO x in the exhaust gas stream is 
adsorbed by the catalytic trap during the periods of lean operation and is released from 
the catalytic trap and reduced to nitrogen during the periods of stoichiometric or rich 
operation. 

52. The method of claim 51 wherein the engine exhaust gas stream contains 
hydrocarbons, further comprising contacting the engine exhaust gas stream under 
oxidizing conditions with a catalyst effective to promote oxidation of hydrocarbons, 
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5 stream with the catalytic trap, 
about 850C. 

operation. 

57 **-*"*- , «"""" - 7. 
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5 stream with the catalytic trap. 
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58. The method of claim 56 wherein the temperature of the exhaust gas stream 
immediately prior to its contact with the catalytic trap is in the range of about 250C to 
about 850C. 

59. The method of claim 56 wherein the exhaust gas stream enters the catalytic 
trap through the first zone and exits the catalytic trap through the second zone. 

60. The method of claim 56 wherein the exhaust gas stream enters the catalytic 
trap through the second zone and exits the catalytic trap through the first zone. 

6 1 . A method of treating an engine exhaust gas stream containing NO x to abate 
the NO x content of the stream which comprises maintaining the engine under alternating 
periods of lean and stoichiometric or rich operation, and contacting the stream during 
the periods of both lean and stoichiometric or rich operation with the catalytic trap of 

5 claim 3 1 , under conditions whereby at least some of the NO x in the exhaust gas stream 
is adsorbed by the catalytic trap during the periods of lean operation and is released from 
the catalytic trap and reduced to nitrogen during the periods of stoichiometric or rich 
operation. 

62. The method of claim 61 wherein the engine exhaust gas stream contains 
hydrocarbons, further comprising contacting the engine exhaust gas stream under 
oxidizing conditions with a catalyst effective to promote oxidation of hydrocarbons, 
whereby the hydrocarbons in the stream are oxidized, prior to contact of the exhaust gas 

5 stream with the catalytic trap. 

63. The method of claim 61 wherein the temperature of the exhaust gas stream 
immediately prior to its contact with the catalytic trap is in the range of about 250C to 
about 850C. 
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64. The method of claim 61 wherein the exhaust gas stream enters the catalytic 
trap through the first zone and exits the catalytic trap through the second zone. 

65. The method of claim 61 wherein the exhaust gas stream enters the catalytic 
trap through the second zone and exits the catalytic trap through the first zone. 

66. A method of manufacturing a multi-zoned catalytic trap for conversion of 
NO x in an exhaust gas stream which emanates from an engine which is operated with 
periodic altemationsbetween lean, and stoichiometric or rich conditions, said catalytic 
trap comprising a first zone, a second zone and, optionally, one or more intermediate 

5 zone disposed between the first zone and the second zone, said first zone comprising a 
first catalytic trap material coated on a refractory carrier member, said second zone 
comprising a second catalytic trap material coated on a refractory carrier member and 
said optional intermediate zones comprising one or more optional intermediate catalytic 
trap materials coated on one or more refractory carrier members, which comprises the 

10 steps of: 

(A) preparing the first catalytic trap material by dispersing onto a refractory 
metal oxide support a palladium catalytic component in the amount of 
about 30 to about 300 g/ft 3 , a platinum catalytic component in me amount 
of 0 to about 100 g/ft 3 and a rhodium catalytic component in the amount 

j 5 0 f o to about 10 g/ft 3 and a NO x sorbent comprising one or more basic 

oxygenated compounds of one or more alkaline earth metals and 
optionally one or more basic oxygenated compounds of one or more 
alkali metals by impregnating the support with a solution of a precursor 
palladium compound, a precursor platinum compound, a precursor 

20 rhodium compound and a precursor NO, sorbent compound in a liquid 

vehicle; 

(B) coatingtheimpregnated S upportresultingfromstep(A)ontoa refractory 
carrier member; 
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(C) drying and thereafter heating the coated refractory carrier member 
25 resulting from step (B); 

(D) preparing the second catalytic trap material by dispersing onto a 
refractory metal oxide support a palladium catalytic component in the 
amount of 0 to about 50 g/fi 3 , a platinum catalytic component in the 
amount of about 10 to about 100 g/ft 3 and a rhodium catalytic component 

30 in the amount of about 5 to about 20 g/ft 3 and a NO, sorbent comprising 

one or more basic oxygenated compounds of one or more metals selected 
from the group consisting of alkaline earth metals and alkali metals by 
impregnating the support with a solution of a precursor palladium 
compound, a precursor platinum compound, a precursor rhodium 

35 compound and a precursor NO x sorbent compound in a liquid vehicle; 

(E) coatingthe impregnated support resulting from step (D) onto a refractory 
carrier member; 

(F) drying and thereafter heating the coated refractory carrier member 
resulting from step (E); 

40 (G) preparing the optional intermediate catalytic trap materials by dispersing 

onto a refractory metal oxide support a palladium catalytic component in 
the amount of 25 to about 75 g/ft 3 ^ platinum catalytic component in the 
amount of about 5 to about 30 g/ft 3 and a rhodium catalytic component 
in the amount of 0 to about 1 0 g/ft 3 and a NO x soibent comprising one 

45 or more basic oxygenated compounds of one or more metals selected 

from the group consisting of alkaline earth metals and alkali metals by 
impregnating the support with a solution of a precursor palladium 
compound, a precursor platinum compound, a precursor rhodium 
compound and a precursor NO x sorbent compound in a liquid vehicle; 

50 (H) coating the optional impregnated support resulting from step (G) onto one 

or more refractory carrier members; and 
(I) drying and thereafter heating the one or more coated refractory carrier 
members resulting from step (I). 
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67. The method of claim 66 wherein the refractive carrier member employed in 
steps (B), (E) and (H) comprises the same carrier member. 

68. The method of claim 66 wherein the refractive carrier member employed in 
steps (B), (E) and (H) comprises corresponding separate carrier member segments. 

69. The method of claim 66 wherein the multi-zoned catalytic trap is prepared 

in the form of layers by the steps of: 

(1) coating the first, second and optional intermediate catalytic trap materials 

onto a refractory carrier member; 

(2) drying and heating the resultant coated carrier member to provide a 
bottom layer of the first, second and optional intermediate catalytic 
washcoats; and 

(3) providing a top layer overlying the bottom layer, said top layer being 
prepared by coating the first, second and optional intermediate catalytic 
trap materials onto the refiactory carrier member resulting from step (2) 
and thereafter drying and heating the resultant coated carrier member to 
provide a top layer of the first, second and optional intermediate catalytic 
washcoats. 

70. The method of claim 69 wherein the refractive carrier member employed in 
step (1 ) comprises the same carrier member. 

71. The method of claim 69 wherein the refractive carrier member employed in 
step (1), comprises corresponding separate carrier member segments. 

72. A method of manufacturing a multi-zoned catalytic trap for conversion of 
NO x in an exhaust gas stream which emanates from an engine which is operated with 
periodic alternations between lean, and stoichiometric or rich conditions, said multi- 
zoned catalytic trap being present in the form of a discrete bottom layer coated on a 
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5 refractive carrier member and a discrete top layer overlying the top layer, said bottom 
layer comprising a refractory metal oxide support having dispersed thereon a platinum 
catalytic component and a rhodium catalytic component and optionally a palladium 
catalytic component and a NO x sorbent, said top layer comprising a refractory metal 
oxide support having dispersed thereon a palladium catalytic component and optionally 
10 a platinum and/or rhodium catalytic component and a NO x sorbent, said multi-zoned 
catalytic trap further comprising a discrete first zone and a discrete second zone, said 
first zone comprising a layer of a palladium catalytic component and a NO x sorbent 
superimposed on a corresponding first section of the top layer and said second zone 
comprising a layer of a NO x sorbent superimposed on top of a corresponding second 
1 5 section of the top layer, which comprises the steps of: 

(1) dispersing onto a refractory metal oxide support a platinum catalytic 
component and a rhodium catalytic component and optionally a 
palladium catalytic component and a NO x sorbent comprising one or 
more basic oxygenated compounds of one or more alkaline earth metals 
20 and optionally, one or more basic oxygenated compounds of one or more 

alkali metals by impregnating the support with a solution of a precursor 
platinum compound, a precursor rhodium compound and optionally a 
precursor platinum compound and a precursor NO x sorbent compound in 
a liquid vehicle; 

25 (2) coating the impregnated support resulting from step ( 1 ) onto a refractory 

carrier member; 

(3) drying and thereafter heating the refractory carrier member resulting 
from step (2) to provide a refractory carrier member containing a bottom 
layer of a coating of the platinum catalytic component, the rhodium 

30 catalytic component, the optional palladium catalytic component and the 

NO x sorbent; 

(4) dispersing onto a refractory metal oxide support a palladium catalytic 
component and optionally a platinum and/or rhodium catalytic 
component, and a NO x sorbent comprising one or more basic oxygenated 
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35 compounds of one or more alkaline earth metals and optionally, one or 

more basic oxygenated compounds of one or more alkali metals by 
impregnating the support with a solution of a precursor palladium 
compound and optionally a precursor platinum and/or precursor rhodium 
compound and a precursor NO x soibent compound in a liquid vehicle; 

40 (5) coating the impregnated support resulting from step (4) onto the bottom 

layer of the coated refractory member resulting from step (3); 

(6) drying and thereafter heating the refractoiy carrier member resulting 
from step (5) to provide a refractory carrier member containing a top 
layer of the palladium catalytic component, the optional platinum and/or 

45 rhodium catalytic component and the NO x sorbent overlying said bottom 

layer; 

(7) post-impregnating the discrete first zone of the layered refractory carrier 
member resulting from step (6) with a solution of a precursor palladium 
compound and a precursor of a NO x sorbent comprising one or more 

50 basic oxygenated compounds of one or more alkaline earth metals and 

optionally, one or more basic oxygenated compounds of one or more 
alkali metals in a liquid vehicle; 

(8) post-impregnating the discrete second zone of the layered refractory 
carrier member resulting from step (6) with a solution of a precursor of 

55 a NO x sorbent comprising one or more basic oxygenated compounds of 

one or more alkaline earth metals and optionally, one or more basic 
oxygenated compounds of one or more alkali metals in a liquid vehicle; 
and 

(9) drying and heating the post-impregnated layered refractive carrier 
60 member resulting from step (8). 



73. The method of claim 69 wherein the palladium catalytic component is 



present 
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in the top layer in the amount of 0 to about 50 g/ft 3 and is present in the bottom layer in 
the amount of 0 to about 15 g/ft 3 ; the platinum component is present in the top layer in 
5 the amount of 0 to about 30 g/ft 3 and is present in the bottom layer in the amount of 
about 30 to about 90 g/ft 3 ; the rhodium catalytic component is present in the top layer in 
the amount of 0 to about 20 g/ft 3 and is present in the bottom layer in the amount of 
about 5 to about 10 g/ft 3 ; and the NO x sorbent is present in each of the top and bottom 
layers in the amount of 0.25 to 1.0 g/in 3 in the case of the NO x sorbent being one or 
1 0 more basic oxygenated compounds of one or more alkali metals and in the amount of 0.2 
to 0.6 g/in 3 in the case of the NO x sorbent being one or more basic oxygenated 
compounds of one or more alkaline earth metals. 

74. The method of claim 74 wherein the palladium catalytic component is 
present in the first zone in the amount of about 30 to about 1 50 g/ft 3 and the NO x soibent 
is optionally present in the first zone in the amount of about 0.25 to about 1 .0 g/in 3 in the 
case of the NO x sorbent being one or more basic oxygenated compounds of one or more 

5 alkali metals and optionally in the amount of about 0.2 to about 0.6 g/in 3 in the case of 
the NO x sorbent being one or more basic oxygenated compounds of one ore more 
alkaline earth metals. 

75. The method of claim 74 wherein the NO x sorbent is present in the second 
zone in the amount of about 0.25 to about 1 .0 g/in 3 in the case of the NO x sorbent being 
one or more basic oxygenated compounds of one or more alkali metals and in the amount 
of about 0.2 to about 0.6 g/in 3 in the case of the NO x sorbent being one or more basic 

5 oxygenated compounds of one ore more alkaline earth metals. 

76. The method of claim 72 wherein the first zone is superimposed on a section 
of the top layer comprising an area of about 20% to about 80% of the total area of the 
top layer. 
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